The microstructure of an aluminum alloy containing 53 wt% Zn, 2.1 wt% Mg and 1.3 wt% Cu as main alloying elements has been studied with the focus on the precipitation behavior during the spark plasma sintering process. The starting material was an atomized AlZnMgCu powder with the particle size below 50 µm. The particles showed a solidication microstructure from cellular to columnar or equiaxed dendritic morphology with a large fraction of the alloying elements segregated in form of intermetallic phases, mainly (Zn,Al,Cu)49Mg32 and Mg2(Zn,Al,Cu)11, at the cell and dendrite boundaries. The microstructure of the sintered specimens followed the microstructure of the initial powder. However, Mg(Zn,Al,Cu)2 precipitates evolve at the expense of the initial precipitate phases. The precipitates which were initially continuously distributed along the intercellular and interdendritic boundaries form discrete chain-like structures in the sintered samples. Additionally, ne precipitates created during the sintering process evolve at the new low-angle boundaries. The large fraction of precipitates at the grain boundaries and especially at the former particle boundaries could not be solved into the matrix applying a usual solid solution heat treatment. A bending test reveals low ductility and strength. The mechanical properties suer from the precipitates at former particle boundaries leading to fracture after an outer ber tensile strain of 3.8%.
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η -precipitates in the grain interior is favourable [6, 7] .
Consequently, a T6 heat treatment consisting of a solid solution treatment, usually for 1 h at 470 to 500 • C and subsequent quenching in water is applied to form a solid solution and annihilate the dislocations [3, 7, 8] . It is followed by a controlled ageing step during which new precipitates form in the grain interior [1, 2, 4, 7, 8] .
The ageing time and temperature inuence the chemical and phase composition as well as the quantity and size of the precipitates [1, 9] .
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Hanka.Becker@iww.tu-freiberg.de (Fig. 2) . The boundary regions consist mainly of (Zn,Al,Cu) 49 Mg 32 with a low fraction of Mg 2 (Zn,Al,Cu) 11 as identied by XRD (Fig. 3b) . Additionally, Al 13 Fe 4 , Al 7 Cu 4 Fe, and Mg 2 Si precipitates were The morphology and microstructure of sintered specimens follow the microstructure of the powder. The precipitates, which were initially continuously segregated along the intercellular or -dendritic boundary regions (Fig. 2bd) , form discrete, chain-like structures in the sintered samples (Fig. 3a) . In addition to the precipitates in the powder, the fraction of (Zn,Al,Cu) 49 Mg 32 decreased at the expense of Mg(Zn,Al,Cu) 2 , which evolved in the sintered specimens (Fig. 3b) . The impurity phases remained unchanged. The precipitates at the former particle surfaces and between grains are lens-shaped and larger (approximately 1 µm in longer direction) than the precipitates (approximately 150 to 200 nm), which evolve from the segregation regions where the same crystallographic orientation was on both sides of the initially continuous segregation (Fig. 3c,d ). After sintering, the grains have a mean size of approximately 6 µm in the direction of the applied pressure and approximately 7.5 µm in the perpendicular direction. Accordingly, the deformation induced by the loading during SPS leads to a weak sintering 110 texture, which is in agreement to the compression texture in fcc metals [14] . The generated dislocations form low angle boundaries < 5
• , which act as preferential heterogeneous nucleation sites for arrays of very small < 50 nm precipitates (Fig. 3d) . This nding is in a good agreement with results published in [4, 5] .
A similar microstructure was also observed in the samples, which were SPS sintered for 20 min, and in the SPS samples, which were annealed in vacuum and quenched in water. Mondal and Mukhopadyay [12] reported that the solubility is very sensitive to the alloy composition in Al ZnMgCu as the phase elds are very narrow in the low alloy range (< 5 at.% Zn, < 5 at.% Mg, < 5 at.% Cu) [10] .
Depending on the exact chemical composition the precipitates cannot be solved [15] or it takes longer than 24 h to form a solid solution [12, 16] . The precipitates containing the impurity elements Si and Fe are stable to higher temperatures than the applied heat treatment temperatures [16, 17] .
Mechanical properties and observation of the deformation mechanism
The bending test revealed a 0.2% yield strength of about 150 MPa which is extremely low in comparison to the optimized microstructural state [7] . It is comprehensible because the microstructure under investigation is comparable to the microstructure received at the long time region of the curve in Fig. 1 . The bending leads to the fracture already after an outer ber tensile strain of 3.8% at an outer ber tensile stress of approximately 300 MPa. The fracture surface and the outer ber tensile surface show that the failure occurred preferentially between the former powder particles where the largest precipitates have formed (Fig. 4a,b) . The failure at low strains is usually attributed to intermetallic precipitates at grain boundaries [6] . Because the microstructure of the SPS samples changed substantially neither after a long-time spark plasma sintering nor after the vacuum heat treatment and the quenching, the mechanical properties of these alternatively treated samples were comparable with the samples subjected to the short-time SPS process.
Conclusions
The microstructure of an AlZnMgCu alloy was investigated in the original state as an atomized powder and after compaction using the spark plasma sintering process. In the solidication microstructure of the original state, precipitates with a high content of alloying elements are continuously segregated between the cell, column and dendrite structure. After the spark plasma sintering, chain-like arranged precipitates form, which are arranged along the locations of former segregations. Additionally, favored precipitation at dislocations arranged in low angle boundaries was observed. The sintered samples exhibit low ductility and strength. Especially, the intermetallic precipitates between the initial particles lead to fracture at low strains.
